A Paediatric Emergency Transport Service has been operating from the Paediatric Intensive Care Unit of the Royal Children's Hospital, Melbourne, for the last three years. The records of the first 158 patients evacuated have been analysed and are reported. Problems relating to the care of the airway and artificial airway have been the most common. The need for careful pre-transport resuscitation and stabifisation is emphasised. The educational role of a transport service both at the time of initial consultation and at the time of retrieval is stressed.
It is often necessary to transport critically ill or severely injured children from one hospital to another which has specialised diagnostic, technical or medical facilities. A transfer can seriously complicate the condition of the child and jeopardise his survival.l.2·J Several centres have developed a service to improve care of neonates,4.5,6 older children 7 • 8 or both 9 during emergency transport.
In Melbourne a Neonatal Emergency Transport Service 5 and a Paediatric Emergency Transport Service (PETS)8 operate. PETS is based at the Intensive Care Unit of the Royal Children's Hospital. The service can be used by medical practitioners in Victoria and neighbouring states as a source of advice on the management of sick children, in addition to its transport function.
Evacuation is by road or air ambulance, depending on the distance to be travelled and the air and road conditions operating at the time.
Advice on pre-transport preparation of the patient pending arrival of the PETS team is given to the referring paediatrician.
The PETS officer takes a transport kit from the intensive care unit which contains drugs, a portable ventilator (Drager OxylogR) and equipment specifically designed for children to supplement that available at referring hospitals and to enable him to deal with any emergency. Whenever possible a paediatric intensive care sister accompanies the PETS officer. The Air Ambulance Service provides a nursing sister on all flights. These sisters are given some teaching and exposure to paediatric intensive care unit practices. Road ambulances are provided by the appropriate ambulance service at short notice. The costs of transport (excluding PETS staff) are borne by the referring hospital.
The PETS officer completes a record of the transfer from the first referral call to arrival back at the Royal Children's Hospital. A printed record form is used to maintain consistency of information.
The first three years' records have been analysed, and are presented below. RESULTS A total of 158 children were transported in the first three years of operation. The type of transport used is presented in Table 1 . It was common for the children to have more than one serious condition. To help with training and planning drugs and equipment that need to be carried, a problem list has been made ( Table 2 ). In order to assess patterns and changing patterns of the presentation of problems, the results are presented by year. 'When air ambulance is used the patient is transferred from airport to hospital by ground ambulance. Each problem serious enough to warrant transport to the Paediatric Intensive Care Unit, whether occurring alone or with a second or third problem, has been listed. Most children had respiratory system problems and the most common direct therapeutic intervention was intubation ( Table 3 ). In approximately half of cases already intubated before PETS arrived it was necessary to reposition the endotracheal tube. This was either to facilitate securing the tube for transport, to remove the tube from the bronchus or, in two cases, to relieve complete obstruction of the tube. When patients were transported with an endotracheal tube in place, the nasotracheal route was routinely used. DISCUSSION When patients are transported in the care of personnel specifically trained in emergency medical evacuation, morbidity and mortality falls. I ,5,IO,11 Unfortunately, the sick and injured are often transported in the care of personnel unaware of the importance of pre-transport resuscitation, airway management and the specific problems of transporting patients. I ,2,12,13 In addition, the management of the case at the primary referring hospital will be a major factor in determining the prognosis.
In a typical air retrieval, the PETS team and equipment are taken by taxi to the airport, flown to the airstrip nearest the referring hospital, and transferred from there by ground ambulance. When returning, at each stage the patient is transferred from stretcher to stretcher, along with the associated morbidity of each transfer. 12, 16 An emergency transport system utilising vehicles and interchangeable equipment dedicated to the retrieval of critically ill children such as those developed in North America 7 ,9 and South Australia lO would be an improvement. It would, however, be an extremely expensive solution to the problem of paediatric emergency transport.
Nearly one third of PETS referrals have respiratory problems and 270/0 were intubated before arrival of the PETS team. The special features of management of an intubated patient are often not understood. Frequent suctioning of the airway and humidification of the inspired gases are necessary, or the tube may become blocked. The small endotracheal tubes used in infants and children with airway obstruction are especially prone to this. On two occasions, the PETS team arrived to find children with croup intubated but with the tube completely obstructed with inspissated mucus. Both children were desperately ill. One case did not require re-intubation after removal of the blocked tube. These cases illustrate the potentially life-saving contribution that paediatric intensive care expertise can have when extended to peripheral hospitals. 9 ,14 They also illustrate how a therapeutic manoeuvre poorly managed may actually cause morbidity or mortality. 13 A simple solution to the humidification of inspired gases in small children with artificial airway is to use a condenser-humidifier.
A disposable thermal humidifying filter* which can be attached to an endotracheal tube is widely available. There is also an attachment for oxygen enrichment of inspired gases. It has a dead space of 10 ml and is suitable for use in children over 10 kg (Figure 1) . The in-line condenser-humidifier (Humid-vent(R») is suitable for use during mechanical ventilation.
Secure fixation of the endotracheal tube is also important, especially during transport when cramped conditions inside the aircraft or ambulance would make re-intubation difficult. It also lessens the risk of endobronchial intubation. Nasal endotracheal tubes are more readily fixed in place than oral tubes. In half of the cases intubated before arrival of PETS the tube was repositioned before transportation, either because of endobronchial intubation, tube blockage or to change an oral tube for a nasal one.
The risk of pneumothorax associated with mechanical ventilation must be appreciated. In two cases referred to PETS, a sudden deterioration had followed intubation and IPPV. In both cases the PETS officer diagnosed the pneumothorax and inserted chest drains.
It is difficult to maintain an optimal standard of respiratory care outside specialist hospitals, because opportunities for practice are limited and training programs in the past have been deficient. This problem will be alleviated in time with increased exposure to the expertise of a paediatric intensive care unit through a transport service.
Nasogastric decompression is very important, especially when the evacuation is by air. Our air ambulances are un pressurised and cruise at 6,000 feet. At this altitude barometric pressure is 609 mmHg. Application of Boyle's Law shows that a stomach distended with air will increase its volume by 25% during the ascent from sea level. This may embarrass the ventilation of a child breathing spontaneously or make controlled ventilation difficult.
The existence of a pressure differential between total ambient barometric pressure and the total pressures of dissolved and free gases in body tissues and cavities is called dysbarism.
Dysbarism also affects drip flows, air splints, endotracheal tube cuffs and any air-filled body cavity including the skull following head injury. 14, 15 At the cruising altitude the partial pressure of oxygen is 118 mmHg and oxygen supplementation is frequently necessary. A single nasal catheter with an oxygen flow of 1-3 litres per minute has proved to be the most satisfactory method of oxygen administration to non-intubated children during transport.
It has been pointed out that reduced barometric pressure may slow the cerebration of accompanying medical personnel. 17 Fortunately the retention of learned skills is unaffected.
Respiratory care, which may include intubation with or without controlled ventilation, is just one facet of resuscitation of sick and injured children in preparation for transport. Oxer has published a checklist for pre-air transport preparation. 14 This also applies to patients being evacuated by road. When possible, treatment is simplified for transport, but when a critically ill child is being moved this is often not possible. Seventy-four per cent of children in our series had an intravenous infusion during transport, 50/0 were supported with dopamine and 25% required bronchodilator therapy. Twenty-six per cent of patients had had a significant cerebral insult, either from direct head injury or secondary to hypoxia. (A further 5 were declared dead by the PETS team). During the initial telephone consultation, the need to prevent further episodes of hypoxia and/or hypotension was stressed. This is often not adequately appreciated by referring medical staff. 2 The timing of the return journey to the Royal Children's Hospital was at the discretion of the PETS officer. Dobrin et al. 7 have described an optimal time to transport paediatric emergencies. Although this will vary according to the diagnosis it is generally soon after the initial resuscitation.
No children carried by PETS died en route, partly due to the pre-transport preparation. The ability to resuscitate severely ill children is dependent on the availability of specialised equipment. PETS carries drugs and equipment not always found in smaller hospitals.B,13
It was envisaged that the PETS workload would increase, perhaps fourfold,s as had happened overseas. 7 Fortunately, as the service is still provided within existing establishment, the increase in retrievals has been gradual and still averages only a little more than one per week. The service is nevertheless time-consuming, taking the lCU personnel out of the unit for periods ranging from 1 to 22 hours (mean 5 hours).
The PETS service provides the opportunity to influence, by transport and education, the outcome of critically ill children outside the teaching hospital environment.
